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(57) ABSTRACT

A light guide includes a plurality of boss portions. A round
hole portion is provided near the center of a base member for
fixing the light guide, and slit portions are provided on both
ends thereof. The round hole portion supports one boss por-
tion in both the longitudinal direction and the lateral direction
of the light guide. The slit portions support boss portions in
the lateral direction of the light guide, but are free in the
longitudinal direction of the light guide. That is, the center of
the light guide is fixed from both directions, and thus both
ends of the light guides can expand away in the longitudinal
direction. This cuts the influence of expansion by half.

11 Claims, 16 Drawing Sheets
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ORIGINAL READING APPARATUS FOR
READING IMAGE OF AN ORIGINAL

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/827,586, filed Mar. 14, 2013 (currently pend-
ing), which is incorporated by reference herein in its entirety,
as if fully set forth herein, and claims the benefit of priority
under35U.S.C. §119, based on Japanese Priority Application
No. 2012-095020, filed Apr. 18, 2012, which is incorporated
by reference herein in its entirety, as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to original reading appara-
tuses for reading images of originals.

2. Description of the Related Art

Original reading apparatuses such as copy machines, fac-
similes, image scanners, and so on typically read an image of
an original by illuminating the original, which has been
placed on a platen glass. Japanese Patent No. 4788577 dis-
closes mounting a plurality of LEDs upon a long, thin printed
wiring board in the longitudinal direction thereof, and illumi-
nating an original by converging the light from the plurality of
LEDs using a light guide.

However, the invention disclosed in Japanese Patent No.
4788577 does not disclose the manner in which the light
guide is attached to a base member. Research performed by
the inventors of the present application has shown that shini-
ness, fogging, and so on occur in an image when the light
guide expands due to heat. FIGS. 16A to 16D illustrate an
example of fogging and shininess occurring when reading a
spread thick original such as a book or the like. As shown in
FIG. 16A, when a spread thick original P is placed upon a
platen glass 140, the central area of the original is distanced
from the platen glass 140. As shown in FIG. 16B, the reading
result designed to be obtained is obtained in the case where
the light guide is not warped. However, if the light guide is
warped, there are cases where fogging will occur in the center
of'the image, as shown in FIG. 16C, or shininess will occur in
the vicinity of the center of the image, as shown in FIG. 16D.

SUMMARY OF THE INVENTION

The present invention reduces the occurrence of fogging,
shininess, and so on when a light guide has expanded due to
heat.

An embodiment of the present invention provides an origi-
nal reading apparatus comprising the following element. A
platen on which an original is placed. An illumination unit is
configured to illuminate the original. A photoelectric conver-
sion element is configured to convert reflected light from the
original illuminated by the illumination unit into an electrical
signal. The illumination unit may include the following ele-
ments. A base member. A light guide has a first boss portion
and second boss portions that engage with the base member,
and is configured to guide light emitted from the plurality of
light-emitting elements toward the original. The first boss
portion is arranged in a central area of the light guide is
supported in both the longitudinal direction and the lateral
direction of the light guide. The second boss portions are
arranged on the ends of the light guide are free in the longi-
tudinal direction of the light guide and are supported in the
lateral direction of the light guide.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1isanoverall cross-sectional view of areader section.

FIG. 2 is an overall cross-sectional view of an optical box.

FIGS. 3A, 3B, and 3C are diagrams illustrating an illumi-
nation unit.

FIGS. 4A, 4B, 4C, and 4 are diagrams illustrating a light
guide unit.

FIG. 5 is a perspective view illustrating a bottom surface of
the light guide unit.

FIG. 6 is a perspective view illustrating a top surface of a
base member.

FIGS. 7A and 7B are diagrams illustrating a state in which
the base member and the light guide unit have been combined.

FIGS. 8A and 8B are diagrams illustrating how the position
of'the light guide unit relative to the base member is adjusted.

FIG. 9 is a diagram illustrating a state in which the base
member and the light guide unit have been combined.

FIGS. 10A and 10B are diagrams illustrating a procedure
for fixing the light guide to a plate member.

FIG. 11 is a diagram illustrating a procedure for adjusting
the position of the light guide unit using sheet members.

FIG. 12A is an enlarged view of a slit portion and a boss
portion.

FIG. 12B is an enlarged view of a round hole portion and a
boss portion.

FIGS. 13A and 13B are diagrams illustrating a boss portion
arranged in a location that does not easily interfere with the
propagation of light.

FIG. 14 is a diagram illustrating the arrangement of boss
portions near the ends of the light guide in the longitudinal
direction thereof.

FIG. 15 is a diagram illustrating respective light guides in
two light guide units.

FIGS. 16A, 16B, 16C, and 16D are diagrams illustrating
fogging and shininess.

DESCRIPTION OF THE EMBODIMENTS

As shown in FIG. 1, a reader section 150 of an original
reading apparatus includes an optical box 151, a reader frame
141, and a platen glass 140. The optical box 151 is linked to
a motor (not shown) via wires (also not shown), and due to
rotation of the motor, moves parallel to the platen glass 140.
Through this, the optical box 151 optically scans an original
placed upon the platen glass 140 in a sub scanning direction.
Accordingly, the sub scanning direction is parallel to the
direction in which the optical box 151 moves.

As shown in FIG. 2, the optical box 151 includes a box
frame 152 that supports optical components and the like. An
illumination unit 153 illuminates a surface of the original to
be read. The illumination unit 153 includes two light guide
units 2021 and 202R. Light L1 output from the light guide
unit 2021 and light .2 output from the light guide unit 202R
are reflected by the surface of the original to be read.
Reflected light .3 from the original forms an image ona CCD
159 via mirrors 143, 144, 145, 146, and 147 and a plurality of
lenses 158. The CCD 159 is a photoelectric conversion ele-
ment, and receives the reflected light [.3 based on an image in
the original, converts the received light to an electric signal,
and outputs the signal as an electronic image signal.

FIG. 3A illustrates the illumination unit 153 as a whole.
The illumination unit 153 includes a base portion (base mem-
ber) 201, shown in FIG. 3C and configured of a metallic plate
member, and the light guide units 2021 and 202R shown in
FIG. 3B. The light guide units 202L. and 202R are positioned
relative to the base member 201 and fixed thereupon when
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assembling the illumination unit so that the optical axis of the
light [.1 output from the light guide unit 2021 and the optical
axis of the light 1.2 output from the light guide unit 202R are
each in desired positions. By adjusting the positions of the
light guide units 2021 and 202R relative to the base member
201 as appropriate, the optical axis of the light I.1 and the
optical axis of the light .2 can be adjusted, making it possible
to suppress the occurrence of shininess, fogging, and so on by
setting the light amount at an original reading position to a
desired light amount. Circles 154 in FIG. 3A indicate posi-
tions where a UV adhesive is applied.

FIGS. 4A through 4 illustrate the light guide unit 202L. As
shown in FIG. 4A, an LED substrate 207 includes a plurality
of LEDs 204 mounted along a straight line, a metallic plate
member 205, and a connector portion 206 that is connected to
the LEDs via electrical wires.

The LED substrate 207 is configured of a metal because
metal accelerates the dissipation of heat and suppresses arise
in the temperature of the LEDs. Note that a thermally con-
ductive sheet, a silicone paste, or the like may be arranged
between the top surface (contact surface) of the plate member
205 and the bottom surfaces (contact surfaces) of the plurality
of LEDs 204 in order to accelerate the dissipation of heat. For
example, aluminum, which has excellent heat dissipation
properties and processability, can be used as the material of
the plate member 205. A substrate configured of another
metal may be employed as the plate member 205 as long as
the metal is a material capable of efficiently dissipating heat
from the plurality of LEDs 204 (examples: an aluminum
alloy, iron, copper, stainless steel). The plurality of LEDs 204
are mounted as an array (in a single straight line) along the
longitudinal direction (x direction) of the plate member 205.
That is, the plurality of LEDs 204 are mounted in array form.
Thus the longitudinal direction is the direction parallel to the
direction in which the plurality of LEDs 204 are laid out. The
direction in which light is output from each of the plurality of
LEDs 204 is a y-axis direction. The y-axis direction can also
be called the lateral direction, and is a direction orthogonal to
the direction in which the plurality of LEDs 204 are laid out.
The connector portion 206 that is connected to wiring for
supplying power to the plurality of LEDs 204 is provided atan
end of the plate member 205 in the longitudinal direction
thereof.

As shown in FIG. 4B, double-sided tape 209 is affixed to
the end of the LED substrate 207 on which the LEDs 204 are
mounted when assembling the LED substrate 207. This
double-sided tape 209 is an adhesive member for applying
and fixing a light guide 208 to the plate member 205.

The double-sided tape 209 has a long, thin shape following
the longitudinal direction of the LED substrate 207. The light
guide 208 is fixed upon the LED substrate 207 using the
double-sided tape 209 so that light-emitting surfaces 241 of
the plurality of LEDs 204 and a light-entry surface 281 of the
light guide 208 face each other and are close to each other.
The longitudinal direction of the light guide 208 matches the
direction which the plurality of LEDs 204 are laid out. The
light guide 208 is configured of a light-transmissive plastic
such as an acryl, FRP, or the like. Because the light guide 208
is applied and fixed to the LED substrate 207, which is con-
figured of a metallic plate member that is more rigid than the
plastic light guide, it is possible to correct warping in the light
guide 208 if such warping has occurred.

FIG. 4C illustrates a state in which the light guide 208 has
been fixed upon the LED substrate 207. The plurality of LEDs
204 are side view-type LEDs whose light-emitting surfaces
241 face the light guide 208.
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As shown in FIG. 4D the light guide unit 202L is a unit that
integrates the LED substrate 207 having the metallic plate
member 205, the plurality of LEDs 204, and the light guide
208. The light guide unit 202R has the same configuration.
The light guide 208 is arranged upon the plate member 205 so
that the light-entry surface 281 of the light guide 208 faces the
light-emitting surfaces 241 of the plurality of LEDs 204.

As indicated by the dotted line in FIG. 4D, light emitted
from the plurality of LEDs 204 enters from the light-entry
surface 281, is reflected within the light guide 208 (by a
border surface such as a reflecting portion 282), and is emitted
from a light exit portion 283. Accordingly, the light guide 208
functions as a light guiding member that guides light output
from the LEDs 204, which correspond to a plurality of light-
emitting elements, toward the original.

As shown in FIG. 2, the light guide units 2021 and 202R
have shapes that are symmetrical relative to the optical axis of
the reflected light [.3.a Accordingly, the same component can
be used for the light guide 2021 and the light guide 202R, and
thus the light guide units can be mass-produced as identical
components.

Adjusting the positions of the light guide units 2021 and
202R relative to the base member 201, and fixing the light
guide units 2021 and 202R onto the base member 201, will be
described using FIGS. 5 through 7B.

FIG. 5is aperspective view illustrating the light guide units
202L and 202R from the bottom surfaces thereof. In FIG. 5,
a plurality of bosses used for positioning are provided in the
light guides 208 of the light guide units 2021, and 202R,
respectively. Boss portions 284a and 2845 are provided in a
central area of the light guides 208 in the longitudinal direc-
tion thereof, and boss portions 284c¢, 2844, 284e, and 284f are
provided on both ends of the light guides 208 in the longitu-
dinal direction thereof. The boss portions 284a, 2845, 284c,
284d, 284e, and 284f may be formed as parts of the light
guides 208, or may be manufactured through a separate pro-
cess from the light guides 208 and fixed thereto using an
adhesive. Note that opening portions such as holes, grooves,
or slits that correspond to the boss portions 284a and 2845 are
provided in the metallic plate member 205. These are to
ensure that the boss portions 284« and 2845 and the metallic
plate member 205 do not interfere with each other. The open-
ing portions may be unnecessary depending on the positions
of'the boss portions 284a and 2845. For example, no opening
portions are provided on both ends of the plate member 205
because the boss portions 284c, 284d, 284e, and 284f are
present in locations that do not interfere with the metallic
plate member 205.

As shown in FIG. 6, round hole portions 211a and 2115 are
provided near the center of the base member 201, and slit
portions 213a, 2135, 213¢, and 213d are provided on both
ends of the base member 201. When the base member 201 and
the light guide units 2021 and 202R are combined, the boss
portions in the light guide units are aligned with the corre-
sponding opening portions (round hole portions or slit por-
tions) in the base member. The boss portion 284a is fitted into
the round hole portion 211a. The boss portion 2845 is fitted
into the round hole portion 2115. The boss portion 284c¢ is
fitted into the slit portion 213a. The boss portion 2844 is fitted
into the slit portion 2135. The boss portion 284e is fitted into
the slit portion 213¢. The boss portion 284fis fitted into the
slit portion 2134.

As shown in FIG. 7A, ridgelines 271 and 272, which each
correspond to one side of each LED substrate 207 of the
respective light guide units 2021, and 202R parallel to the
direction in which the plurality of LEDs are laid out, make
contact with top surfaces 218 and 219 of the base member
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201, respectively. During assembly, the light guide unit 202L
can be pivoted relative to the base member 201 with the
ridgeline 271 serving as a center of rotation. Likewise, the
light guide unit 202R can be pivoted relative to the base
member 201 with the ridgeline 272 serving as a center of
rotation. In this manner, the ridgelines 271 and 272 serve both
as contact axes (contact lines) and axes of rotation. The light
guides 208 rotate in the directions of the dotted line arrows as
a result of the light guide units 202L and 202R pivoting with
the ridgelines 271 and 272 serving as the axes of rotation. The
directions in which light is emitted from the light guides 208
(the optical axes) can be adjusted by pivoting the light guide
units 2021 and 202R.

As shown in FIG. 7A, bottom surfaces 273 and 274 of the
LED substrates 207 are at an angle relative to the top surfaces
218 and 219 of the base member 201. This angle is, for
example, 3 to 5°. Due to dimensional tolerances of the respec-
tive components, it is possible that the light guides 208 and
the base member 201 will interfere with each other when
adjusting the amount by which the light guide units 202L. and
202R are pivoted. The stated angles are set so that such
interference does not occur.

For example, as shown in FIGS. 7A and 7B, the amounts by
which the light guide units 2021 and 202R are pivoted is
adjusted using a tool during assembly, so that the angles
(measurement values) of top surfaces 290 and 291 of the light
guides 208 in the light guide units 2021, and 202R fall within
a predetermined range from a design value. Here, the mea-
surement of the angles of the top surfaces 290 and 291 of the
light guides 208 is carried out at a plurality of locations in the
longitudinal direction (the vertical direction relative to the
paper surface in FIG. 7A). The pivot amount of the light guide
units 2021 and 202R is adjusted so that all of the angles fall
within a predetermined range from a design value across the
entire range of the longitudinal direction.

When the stated adjustment of the angles is finished, fine
adjustments of the angles for the purpose of adjusting a light
amount are carried out. As shown in FIG. 8A, a light amount
in the Z direction (the upward direction) from a location
corresponding to the surface of the original (the surface to be
read) is measured at a reading location corresponding to a
given location in the longitudinal direction of the light guides.

In FIG. 8B, the horizontal axis represents a distance from
the location corresponding to the original surface, whereas
the vertical axis represents a light amount ratio. The light
amount ratio is a ratio of a measured light amount relative to
the light amount at the location corresponding to the original
surface. Here, the light amount at the location corresponding
to the original surface is taken as 100. Here, the light guide
units 2021 and 202R are pivoted so that the measured value
falls within a range from an upper limit and a lower limit for
the design. For example, in the case where the measured value
exceeds the upper limit, the light guide units 202L. and 202R
are pivoted in an R2 direction. Likewise, in the case where the
measured value is below the lower limit, the light guide units
202L and 202R are pivoted in an R1 direction. The light
amount is measured at a plurality of locations in the longitu-
dinal direction, and fine adjustments are made to the angles of
the light guide units 2021, and 202R so that the light amounts
at all locations fall within the range for the design.

As shown in FIG. 7B, a gap is provided by design between
leg portions 292 and 293 of the light guides 208 and top
surfaces 220 and 221 of the base member 201. The configu-
ration is the same on the opposite sides of the light guides 208
in the longitudinal direction. The fine adjustment of the
angles is realized by adjusting the size of this gap. The light
guide units 2021, and 202R whose angles have been set are
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affixed to the base member 201 using an adhesive such as a
UV adhesive. The locations of the adhesive are, for example,
the locations indicated by the circles 154 in FIG. 3A.

According to the present embodiment, the plurality of
LEDs 204 are mounted upon the metallic plate member 205,
and thus heat from the plurality of LEDs 204 is transmitted to
the metallic plate member 205 and the plate member 205
functions as a heat dissipation plate. Accordingly, a rise in the
temperature of the plurality of LEDs 204 can be efficiently
suppressed. In addition, the light guides 208 are fixed upon
the metallic plate member 205 so that the surfaces of the light
guides 208 and the metallic plate member 205 that face each
other are parallel to each other. Consequently, the light guides
208 are suppressed from warping. Because the light guides
208 are suppressed from warping, the distance between the
light guides 208 and the original is kept at a desired distance,
which in turn makes it difficult for fogging, shininess, and so
on to occur in the image resulting from the reading.

In the present embodiment, the surfaces of the light guides
208 and the metallic plate member 205 that face each other
are fixed using an adhesive member. Consequently, the light
guides 208 are suppressed from warping over an extended
period of time. In addition, because the material of the light
guides 208 (plastic) has a sufficiently lower rigidity than the
material of the plate member 205 (metal), warping in the light
guides 208 is corrected by the plate member 205. Double-
sided tape in which an adhesive compound is applied on both
sides, an adhesive, or the like can be employed as the adhesive
member. In particular, the double-sided tape can immediately
fix the surfaces of the light guides 208 and the metallic plate
member 205 that face each other, and is thus advantageous in
terms of workability.

In addition, in the present embodiment, the angles of the
light guide units 2021, and 202R are adjusted in a state in
which the light guides 208 are held straight by fixing the light
guides 208 to the metallic plate member 205 in this manner.
Here, the light guide units 2021 and 202R are supported by
the base member 201. Of the plurality of surfaces that make
up the metallic plate member 205 in the light guide units 2021,
and 202R, the plurality of LEDs 204 are provided on a first
surface. Meanwhile, one side of a second surface, which
corresponds to the surface on the opposite side as the first
surface, makes contact with the base member 201. The axis of
contact between the metallic plate member 205 and the base
member 201 is parallel to the longitudinal direction of the
light guide units 202L. and 202R. According to the present
embodiment, the axis of contact is formed by contact between
the ridgelines 271 and 272 on the end portions of the metallic
plate member 205 that extend in the longitudinal direction
and the base member 201. The axis of contact being realized
by the ridgelines 271 and 272 is advantageous in that no
special processing need be performed on the base member
201. The optical axes (angles) of the light guides 208 are
adjusted by pivoting the light guide units 2021 and 202R
relative to the base member 201 using the axis of contact as
the rotational axis. Meanwhile, fine adjustments can be made
to the angles by adjusting the gap that arises between the
metallic plate member 205 and the base member 201. At this
time, the gap is adjusted by measuring the light amount at
several locations along the longitudinal direction of the light
guide units 2021, and 202R so that image problems such as
fogging, shininess, and so on do not easily arise. The light
guide units 202, and 202R are then fixed to the base member
201 using an adhesive or the like while maintaining the stated

gap.
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Shape of Base Portion 201

Although the ridgelines 271 and 272 at the longitudinal
ends of the LED substrate 207 are indicated as being an axis
of contact (rotational axis) in FIG. 7A, an axis of contact may
be provided at another location. As shown in FIG. 9, rib
portions 223 and 224 may be provided as protruding portions
that protrude toward the LED substrate 207 in the longitudi-
nal direction of the base member 201. The bottom surfaces
273 and 274 of the LED substrate 207 make contact with the
rib portions 223 and 224. Accordingly, the angles of the light
guide units 2021 and 202R relative to the base member 201
can be adjusted using contact portions (contact axes 275 and
276) that extend linearly in the longitudinal direction of the
base member 201 as rotational centers.

The configuration illustrated in FIG. 9 makes it easier to
ensure the straightness, in the longitudinal direction, of the
areas where the base member 201 and the LED substrate 207
make contact, as compared to the configuration illustrated in
FIG. 7A. With respect to the base member 201 illustrated in
FIG. 7A, it is necessary to achieve the straightness on the top
surfaces 218 and 219. However, with the base member 201
illustrated in FIG. 9, the straightness needs to be achieved
only at the locations of the rib portions 223 and 224. Accord-
ingly, it can be said that the configuration illustrated in FIG. 9
makes it easier to ensure straightness than the configuration
illustrated in FIG. 7A.

Fixing of LED Substrate 207 and Light Guides 208

Although FIG. 4D illustrates the LED substrate 207 and the
light guides 208 as being fixed using the double-sided tape
209, another fixing method may of course be employed. As
shown in FIG. 10A, flange parts 294a, 2945, 294¢, 294d, and
294e that protrude along the top portion of the LED substrate
207 are provided in the light guides 208. Furthermore, as
shown in FIG. 10B, an adhesive (a UV adhesive or the like) is
applied along a bold dotted line portion 301. Accordingly, the
flange part 294¢ of the light guides 208 can be affixed to the
top surface of the LED substrate 207. The other flange parts
294a, 2945, 294d, and 294e are fixed to the top surface of the
LED substrate 207 in the same manner.

In this manner, the one or more flange part 294c¢ is provided
atan end of the light guides 208 extending in the longitudinal
direction thereof that faces the plurality of LEDs 204, and the
flange part 294¢ is then fixed to the metallic plate member
205. Compared to the fixing method illustrated in FIGS. 4A
through 4D, which uses the double-sided tape 209, the fixing
method illustrated in FIGS. 10A and 10B, which uses an
adhesive, is advantageous in terms of a reduction in the num-
ber of assembly steps as well as from the standpoint of auto-
mation. This is because the double-sided tape 209 requires
processes for removing backing paper, applying the tape, and
SO on.

Fixing of LED Substrate 207 and Light Guides 208

FIG. 7B illustrates the adjustment of the angles of the light
guide units 2021 and 202R relative to the base member 201
by providing a gap between the leg portions 292 and 293 of
the light guides 208 and the top surfaces 220 and 221 of the
base member 201 and then adjusting that gap. However, sheet
members 251 and 252 may be interposed between the leg
portions 292 and 293 of the light guides 208 and the top
surfaces 220 and 221 of the base member 201, as shown in
FIG. 11. Note that the sheet members 251 and 252 are fixed to
the top surfaces 220 and 221 of the base member 201 using
double-sided tape, an adhesive, or the like. The gap can then
be adjusted by adjusting the number of sheet members 251
and 252, selecting the sheet members 251 and 252 that have
appropriate thicknesses from among sheet members that have
different respective thicknesses, and so on. Furthermore, the
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sheet members 251 and 252 can be fixed to the leg portions
292 and 293 of the light guides 208 while using the sheet
members 251 and 252 to maintain the size of the gap with
certainty. A UV adhesive may be used for this fixing as well.
In this manner, the height of the gap may be maintained by
arranging the sheet members 251 and 252, which serve as
height adjustment members, in the gap.

With the fixing method illustrated in FIG. 11, the adhesion
takes place with the light guides 208 and the base member 201
coming in contact with each other. Accordingly, a higher
adhesion strength can be ensured as compared to the fixing
method illustrated in FIG. 7B. This method is also advanta-
geous in that shifting in the adjustment, which can occur due
to vibrations imparted during transport, can be suppressed.

Influence from Differences in Expansion Coefficients of
Light Guides 208 and Base Portion 201

Incidentally, original reading apparatuses are exported to
and used in various countries around the world. For example,
there are cases where original reading apparatuses shipped
from a factory are transported by a transport ship to areas near
the equator. It is not uncommon for temperatures near the
bottom of a transport ship to reach 50°. The material of the
light guides 208 is a plastic and the material of the plate
member 205, the base member 201, and so on is a metal, and
as a result, the thermal expansion coefficients thereof are
different from each other. As described above, warping in the
7z direction can be suppressed to an extent by fixing the light
guides 208 to the plate member 205. However, it is also
necessary to take into consideration the influence of expan-
sion in the x direction, the y direction, and so on in high-
temperature, high-humidity environments. Accordingly, in
the present embodiment, the influence of expansion is
reduced by altering the method of fixing the light guides 208
to the base member 201.

FIG. 12A illustrates an enlarged view of the slit portion
213a and the boss portion 284c¢ illustrated in FIG. 6. The slit
portions 2135 through 2134 and the boss portions 2844
through 284/ have the same configurations. FIG. 12B illus-
trates an enlarged view of the round hole portion 211a and the
boss portion 284q illustrated in FIG. 6. The round hole por-
tion 2115 and the boss portion 2845 have the same configu-
ration.

As shown in FIG. 12A, the sides of the slit portion 2136
have different lengths in the x direction and the y direction.
The length of the sides in the x direction is greater than the
length of the sides in the y direction. In other words, the shape
of'the opening in the slit portion 2135 is generally rectangular.
Accordingly, the slit portion 2134 and the boss portion 284¢
are engaged in the y direction, but are not engaged in the x
direction. Note that “engaged” includes not only cases where
there is complete contact, but also a state in which there is a
certain degree of play (a margin) between the portions. In this
manner, the slit portion 213a and the boss portion 284¢ are
supported at two points in the y direction, but are not sup-
ported in the x direction, and thus are capable of movement.

On the other hand, as shown in FIG. 12B, the round hole
portion 211a and the boss portion 2844 are engaged in both
the x direction and the y direction. As illustrated in FIG. 6, the
round hole portion 211a is arranged in the central area of the
base member 201 in the longitudinal direction thereof. The
boss portion 284a is arranged in the central area of the light
guide 208 in the longitudinal direction thereof. In other
words, the light guides 208 are fixed to the base member 201
central to the central area in the main scanning direction (the
longitudinal direction) thereof. Meanwhile, the ends of the
light guides 208 are supported in the lateral direction of the
light guides 208, but are free in the longitudinal direction of
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the light guides 208. Accordingly, shifting between the light
guides 208 and the base member 201 due to differences in the
expansion coefficients thereof in high-temperature, high-hu-
midity environments only occurs along approximately half
the length in the longitudinal direction. Consequently, the
amount by which the light guides 208 warp can be sup-
pressed.

Differences between the lengths of the LED substrate 207
and the light guides 208 arise due to expansion. However, in
the present embodiment, the LED substrate 207 and the light
guides 208 are not fixed in a rigid manner, and are instead
fixed in an elastic manner using the double-sided tape 209.
Accordingly, because shifting between the LED substrate
207 and the light guides 208 occurs in the longitudinal direc-
tion (the x direction), shifting (warping) in the z direction is
suppressed. This also suppresses shifts in the optical axis and
so on. Note that an adhesive that retains elasticity even after
curing may be employed instead of the double-sided tape 209.
These will be referred to collectively as “elastic adhesives”.

In this manner, of the plurality of boss portions, the boss
portions 284a and 2845 arranged in the central areas of the
light guides 208 are fitted into the round hole portions 211a
and 2114 provided in the base member 201. Accordingly, the
boss portions 284a and 2845 are supported in both the longi-
tudinal direction (the x direction) and the lateral direction (the
y direction) of the light guides 208. Meanwhile, the boss
portions 284¢ through 284f'that are arranged at the ends of the
light guides 208 are supported by the corresponding slit por-
tions 213a through 2134 in the lateral direction (the y direc-
tion) of the light guides 208. Accordingly, the light guides 208
expand in the longitudinal direction central to the vicinity of
the center of the light guides 208. Consequently, the amount
by which the light guides 208 warp in the z direction can be
suppressed.

Change in Light Amount Depending on Position of Boss
Portion

In the present embodiment, a plurality of boss portions for
supporting the light guides 208 are employed. However,
because the boss portions are formed as part of the light
guides 208, there are cases where the passage of light is
impeded in the vicinity of the boss portions, the direction in
which the light propagates deviates from a desired direction
due to unnecessary reflection, and so on. This acts as a cause
of unevenness in the light amount at the image reading posi-
tion. Accordingly, in the present embodiment, the boss por-
tions are arranged in positions that are shifted from the path in
which the light propagates, which makes it difficult for such
light amount unevenness to occur.

FIGS. 13A and 13B illustrate a boss portion 2844 arranged
in a position that makes it difficult for the boss portion to
impede the propagation of light. Note that the boss portion
284b is arranged in the same manner as the boss portion 284a.
The boss portion 284a, which serves as a reference for posi-
tioning the light guide 208, is arranged near the center of an
area between two adjacent LEDs 204. In other words, the boss
portions 284a and 2845 are arranged at positions that are
approximately equal distances from two adjacent LEDs 204.
Light that has been emitted from the light-emitting surfaces of
the LEDs 204 propagates in a fan shape, as indicated by the
broken lines in FIGS. 13A and 13B. This area will be referred
to as a light propagation region 261. On the other hand, a
non-propagation region 262 that is not used in the propaga-
tion of light is present near the center of the area between two
adjacent LEDs 204. Accordingly, if the boss portion is
arranged in the non-propagation region 262, it is difficult for
light amount unevenness to occur, and at the same time, the
boss portion can support the light guide 208.
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In the case where a non-propagation region 262 that has a
sufficient surface area is not present, a cutout 277 may be
provided in the LED substrate 207, as shown in FIG. 13B.
Furthermore, a portion of the light guide 208 may be cause to
protrude further backward than the light-entry surfaces 281 of
the LEDs 204, and the boss portion 2844 may be arranged in
the protruding portion. Through this, part or all of the boss
portion 284a is housed within the cutout 277 in the cross-
sectional direction of the boss portion 284a. The method of
arranging the boss portion 284a illustrated in FIG. 13B is
useful in the case where a sufficient width in the y direction
(the lateral direction) of the light guide 208 cannot be secured.
In other words, according to this arrangement method, the
original reading apparatus can be further miniaturized in the
y direction. In the aforementioned embodiment, the boss
portion is arranged so as to not completely enter into the
non-propagation region. However, if the light amount
unevenness, light amount loss, or the like of a permissible
extent, part of the boss portion may be present within the
non-propagation region. Note that the degree of light amount
unevenness, light amount loss, or the like that is permissible
depends on the reading capabilities required by design in the
original reading apparatus. In this manner, in the present
invention, the boss portion is not intentionally excluded from
being partially present in the non-propagation region.

FIG. 14 illustrates the arrangement of boss portions in the
vicinity of the end portions of the light guide 208 in the
longitudinal direction (the x direction) thereof. In the present
embodiment, all of the boss portions are arranged in the
non-propagation regions of light. As shown in FIG. 14, the
boss portions 284c¢ and 284 on either side of the light guide
208 are arranged further outward than the LEDs 204 that, of
the plurality of LEDs 204, are located furthest toward the ends
of'the LED substrate 207 in the longitudinal direction thereof.
Consequently, it is difficult for the propagation of light emit-
ted from the LEDs 204 furthest toward the ends to be
impeded, which makes it difficult for light amount uneven-
ness to occur.

FIG. 15 illustrates light guides 208L. and 208R of the
respective first light guide unit 2021 and the second light
guide unit 202R. As described using FIG. 7A, the first light
guide unit 2021, and the second light guide unit 202R are
arranged facing each other with an original reading position
located therebetween.

Here, the dot-dash line shown in the center of FIG. 15
indicates a center line that divides the light guides 208 and
208R halfway along the longitudinal direction thereof. The
light guides 208L. and 208R are arranged symmetrically on
either side of the optical axis. Here, the boss portion 2844 in
the vicinity of the center of the light guide 208L and the boss
portion 2845 in the vicinity of the center of the light guide
208R are both assumed to be arranged upon the center line. In
this case, the light guides 208L. and 208R are both susceptible
to the same influence of the light amount unevenness, and as
a result, the light amount unevenness may be emphasized at
the original reading position.

Accordingly, the boss portion 284a of the light guide 208L.
and the boss portion 2845 of the light guide 208R are arranged
s0 as to be offset from the center line in the longitudinal
direction. In other words, at least one of the boss portions
arranged in a central area of the light guide 2081 and at least
one of the boss portions arranged in a central area of the light
guide 208R are arranged so as to be shifted in the longitudinal
direction of the light guide unit 2021 and the light guide unit
202R. In this example, the boss portion 284a is offset by an
amount —dx, whereas the boss portion 28454 is offset by an
amount +dx. Although the respective offset amounts are
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equal, and simply have different signs, the offset amounts
may be different. Setting the offset amounts of the boss por-
tion 284a and the boss portion 2845 to the same amounts
makes it possible to use the same components for the light
guides 208L. and 208R. That is, the components can be mass-
produced, which is advantageous in terms of costs.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2012-095020, Apr. 18, 2012 which is hereby
incorporated by reference herein in its entirety.

What is claimed is:

1. An original reading apparatus comprising:

an illumination unit configured to illuminate an original;
and

a base member having a first portion and plural second
portions;

a photoelectric conversion element configured to convert
reflected light from the original illuminated by the illu-
mination unit into an electrical signal,

wherein the illumination unit includes:

a plurality of light-emitting elements; and

a light guide having a first boss portion and plural second
boss portions, configured to guide light emitted from the
plurality of light-emitting elements toward the original;

wherein the first boss portion is engaged to the first portion,
and the first boss portion arranged in a central area of the
light guide in a longitudinal direction is supported by the
first portion in both the longitudinal direction and a
lateral direction of the light guide; and

wherein the second boss portions are engaged to the second
portions, and the second boss portions arranged on end
areas of the light guide in the longitudinal direction are
free in the longitudinal direction of the light guide and
are supported by the second portions in the lateral direc-
tion of the light guide.
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2. The original reading apparatus according to claim 1,
wherein the longitudinal direction of the light guide matches
the direction in which the plurality of light-emitting elements
are laid out.

3. The original reading apparatus according to claim 1,
wherein the light guide is fixed to the base member so that a
light incident surface of the light guide and light-emitting
surfaces of the plurality of light-emitting elements face each
other.

4. The original reading apparatus according to claim 3,
wherein the first boss portion is arranged closer to the light
incident surface of the light guide than the second boss por-
tions.

5. The original reading apparatus according to claim 1,
wherein the first portion arranged on the base member is a
hole.

6. The original reading apparatus according to claim 5,
wherein the second portions arranged on the base member are
cutouts provided at both ends in a longitudinal direction of the
base member.

7. The original reading apparatus according to claim 1,
wherein the longitudinal direction is a direction parallel to the
direction in which the plurality of light-emitting elements are
laid out; and

the lateral direction is a direction orthogonal to the longi-

tudinal direction.

8. The original reading apparatus according to claim 1,
wherein the first boss portion is arranged in a position that is
equal distance from two adjacent light-emitting elements of
the plurality of light-emitting elements.

9. The original reading apparatus according to claim 1,
wherein the illumination unit includes a plate on which the
plurality of light-emitting elements are arranged, and

the light guide is fixed to the plate.

10. The original reading apparatus according to claim 9,
wherein the light guide is fixed to the plate using an elastic
adhesive.

11. The original reading apparatus according to claim 1,
wherein a number of the first boss portion is one and a number
of the second boss portions is two, and

the second boss portions are arranged outside a position at

which the plurality of light-emitting elements are
arranged, in the longitudinal direction.
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